During the Pliocene Epoch, a stronger-than-present overturning circulation has been invoked 16 to explain the enhanced warming in the Nordic Seas region in comparison to low to mid-17 latitude regions. While marine records are indicative of changes in the northward heat 18 transport via the North Atlantic Current (NAC) during the Pliocene, the long-term terrestrial 19 climate evolution and its driving mechanisms are poorly understood. We present the first 20 two-million-year-long Pliocene pollen record for the Nordic Seas region from Ocean Drilling 21
influence of oceanographic and atmospheric controls on Pliocene climate evolution. The 23 vegetation record reveals a long-term cooling trend in northern Norway, which might be 24 linked to a general decline in atmospheric CO2 concentrations over the studied interval, and 25 climate oscillations primarily controlled by precession (23 kyr), obliquity (54 kyr) and 26 eccentricity (100 kyr) forcing. In addition, the record identifies four major shifts in Pliocene 27 vegetation and climate mainly controlled by changes in northward heat transport via the 28 strength of the AMOC during the Pliocene is not simulated by all climate models (Zhang et 48 al., 2013) . In both marine and terrestrial climate model simulations for the Pliocene, 49 temperatures are underestimated at high latitudes and remain below temperatures based on 50 data reconstructions (Dowsett et al., 2013; Salzmann et al., 2013) . Palaeogeographic 51 differences have been suggested to account for the data-model mismatch. Simulations with an 52 altered palaeogeography (North Atlantic and Baltic river input, lowered Greenland-Scotland 53 Ridge and exposed Barents Sea) show a strong high latitude warming and weaker AMOC 54 (Hill, 2015) . Closing the Bering Strait and the Canadian Arctic Archipelago has been shown 55 to increase warming at high latitudes and to strengthen the AMOC (Otto-Bliesner et al., 56 2017). Model experiments to assess Pliocene terrestrial temperature change indicate that high 57 insolation, increased CO2 concentrations and a closed Arctic gateway enhance high-latitude 58 warming . However, the low resolution and poor age control of most 59 terrestrial records limit the quantification of data-model mismatch at high latitudes (Feng et 60 al., 2017) . 61
Heat is transported to the Arctic Ocean via the Norwegian Atlantic Current (NwAC), the 62 continuation of the NAC in the eastern Nordic Seas. Pliocene which is an extension of the warm NAC, flows northward on either side of the plateau (Orvik 131 and Niiler, 2002) . At present, the influence of these warm waters results in relatively mild 132 climatic conditions in Scandinavia (Furevik, 2000) . Boreal forest extends over most of 133 Norway with pure deciduous forests only found along the south coast. The proportion of 134 deciduous and thermophilic elements decreases with increasing latitude, and altitude of the 135 Scandinavian mountains (Moen, 1987) . In southern Scandinavia, the altitudinal limit of the 136 tree line is reached at ~1200 m above sea level, with alpine tundra predominating beyond the 137 tree limit (Moen, 1999) . The tree line steadily declines with increasing latitude until tundra 138 prevails at sea level in northernmost Norway (Moen, 1999 (Moen, , 1987 . Based on the analysis of 139 two (sub)surface samples from Hole 642B, the pollen signal has been shown to be 140 representative of the prevailing vegetation in northern Norway (Panitz et al., 2016) . The 141 predominance of wind-pollinated taxa in the (sub)surface and Pliocene samples suggests that 142 pollen is mainly transported to the site by wind. While plumes of cold fjord water enter the 143
Norwegian Sea during spring at present and extend up to 100 km offshore (Mork, 1981) , such 144 plumes most likely did not develop during the Pliocene due to the absence of fjords and a 145 reduced ice cover. There is no evidence of the existence of large rivers during the Pliocene, 146 with modest sedimentation along the Norwegian continental margin during the Middle 147 Eocene to Pliocene. Sedimentation rates increased greatly with the onset of NHG around 148 2.6 Ma (Eidvin et al., 2000; Faleide et al., 2008) . 149
Materials and Methods 150

Age model 151
The age model for the Pliocene section of ODP Hole 642B is based on the updated magnetic 152 stratigraphy of Bleil (1989) to the ATNTS2012 time scale (Hilgen et al., 2012) hiatus exists in the Late Pliocene section of the record after 3.14 Ma (Bleil, 1989 ; 156 Risebrobakken et al., 2016) . The tie points for the age model (Supplementary Table 1) are  157 shown alongside the sedimentation rate in Figure 3 , with 158 changes in sedimentation rate reflecting the position of the tie points. 159
Sample preparation and pollen analysis 160
A total of 128 samples were selected for pollen analysis between 83.55 and 66.95 metres 161 below sea floor (mbsf) from ODP Hole 642B, ranging in age from 5.03 to 3.14 Ma 162 . The samples were pre-sieved in Bergen, Norway through a 163 63 µm mesh to retain foraminifera for oxygen isotope analysis . 164
A potential bias in the pollen data due to the loss of larger Pinaceae grains has been excluded 165 by comparison of sieved and unsieved samples (Panitz et al., 2016) . Sample preparation was 166 carried out at the Palynological Laboratory Services Ltd, North Wales and Northumbria 167 University, Newcastle, using standard palynological techniques (Faegri and Iversen, 1989) . In 168 order to calculate pollen concentrations, one Lycopodium clavatum spore tablet was added to 169 each sample (Stockmarr, 1971 ). The treatment with cold HCl (20%) was followed by the use 170 of cold, concentrated HF (48%) to remove carbonates and silicates, respectively. An 171 additional wash with hot (c. 80°C) HCl (20%) was conducted to remove fluorosilicates. After 172 back-sieving the sediment through a 10 µm screen, the residue was mounted on glass slides 173 using glycerol-gelatine jelly. Pollen analysis was carried out using a Leica Microscope (DM 174 2000 LED) at magnifications of 400x and 1000x. The identification of pollen and spores was 175 aided by the pollen reference collection at Northumbria University and the use of literature 176 (e.g. Beug, 2004) . Reworked pollen and spores were differentiated from in situ grains based 177 on the thermal maturity of the exine, with reworked grains having orange to brown colours, 178 and/or their presence outside their stratigraphic range. Particularly reworked gymnosperm 179 pollen showed a high degree of compression, a faint alveolar structure of the saccae and 180 mineral imprints (de Vernal and Mudie, 1989a Mudie, , 1989b Willard, 1996) . In situ Lycopodium 181 clavatum spores differed in colour from the marker spores. 182
For the majority of samples more than 300 pollen and spore grains were counted. Only 20 183 samples yielded a total count of less than 300 grains. Percentages of pollen and spores were 184 calculated based on the pollen sum, excluding Pinus pollen as well as unidentified and 185 reworked pollen and spores. The pollen sum excluding Pinus pollen regularly exceeds 170 186 pollen and spores (for further detail see Supplementary Material). The software Tilia was 187 used to generate pollen diagrams and perform stratigraphically constrained cluster analysis 188 for the delimitation of pollen zones (Grimm, 1990 (Grimm, , 1987 . Pollen accumulation rates (PARs) 189
were calculated based on the following formula: 190
with PAR in grains/(cm 2 kyr), C being the pollen concentration (grains/g dry weight), ρ the 192 dry bulk density (g/cm 3 ) and S the sedimentation rate (cm/kyr). PARs have been calculated to 193 compensate for fluctuations in the sedimentation rate that can affect pollen concentrations 194 (Traverse, 1988 Figure 6 . 198
Time series analysis 199
In order to detect cyclicity within the vegetation changes, a continuous wavelet transform was 200 carried out using a Morlet wavelet (Torrence and Compo, 1998) . Due to the low pollen 201 counts between 4.56 and 4.37 Ma, we only analysed the time interval from 4.37 to 3.14 Ma. 202
For wavelet analysis, the unevenly spaced data was interpolated on 1000-year time steps prior 203 to analysis in PAST3. In order to test whether peaks in the spectrum are significant against 204 the red-noise background, we applied REDFIT (Schulz and Mudelsee, 2002) 
OCAS). 368
Whilst the timing of CAS closure is widely debated, our HadCM3 simulations suggest that a 369 closing of the CAS could impact wind-fields over Norway (associated with an increase in the 370 AMOC with a closing CAS). Therefore, this provides a potential explanation for part of the 371 Over the almost two-million-year-long record, the relative abundance of the thermophilic 384 taxon Sciadopitys shows a continuous decline during subsequent warm intervals (Figure 2) . 385
At present, Sciadopitys is endemic to Japan where it thrives on well-drained slopes in a 386 temperate and wet climate (Ishikawa and Watanabe, 1986) anonymous reviewer, which improved the manuscript. 594
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